HIV
Introduction
Children and adolescents living with HIV undergoing highly active antiretroviral therapy (HAART) often exhibit changes in body fat such as lipoatrophy (loss), lipohypertrophy (central accumulation), or a combination of both. 1 These changes are associated with metabolic abnormalities such as -mainly used for diagnosis -and to differences in time of exposure and in type of HAART. Objective methods have been used for measuring body fat. 7, 8 Air-displacement plethysmography is a precise densitometric method for evaluating body fat, while dual energy X-ray absorptiometry (DXA) is an imaging-based alternative technique. DXA is a safe and accurate method, 9 especially when a more comprehensive compartmental analysis of body composition is required. However, both methods are expensive and require sophisticated infrastructure and human resources, thus rendering the application of these assessments difficult under conditions of limited resources.
Anthropometry is a noninvasive, low-cost and easy-to-use method that could be applied as an alternative to estimate body fat. Skinfold thickness studies have been performed to estimate body fat in the general population because of the increase in obesity. 10 However, it is unknown whether the commonly used equations of Lohman 11 and Slaughter 12 are valid for children and adolescents living with HIV. Studies have used these equations indiscriminately to predict body fat 13 or skinfold to evaluate thickness of subcutaneous body fat. 14, 15 However, the predictive value of anthropometric measurements to estimate body fat using specific equations requires further investigation. The aim of this study was to assess the validity of traditional anthropometric equations and to develop predictive equations of total body fat and trunk fat for children and adolescents living with HIV based on anthropometric measurements.
Methods

Study design and patient population
This was a cross-validation study completed in 2010 in Florianópolis, capital of the State of Santa Catarina, southern Brazil. The city has the third highest human development index (0.847) in Brazil (average of 0.727). The GINI coefficient, a measure of inequality of income distribution, is 0.566 in Florianópolis, while this index ranges from 0.284 to 0.808 in Brazil. 16 The target population were children and adolescents living with HIV acquired by mother-to-child transmission who were followed up at a referral hospital for the treatment of pediatric HIV infection. Patients were selected based on a screening performed in 2008 and participation in a previous study. 17 The criteria for inclusion were mother-to-child transmission of HIV reported in the medical records, age 7-17 years, availability of clinical and laboratory records, receiving care at this hospital, absence of concomitant diseases, and no use of diuretic agents that could alter body composition. 18
Dual-energy X-ray absorptiometry (DXA)
Total, segmental and percentage of body fat were evaluated by DXA using the Hologic Discovery WI Fan-Bean ® system (Bedford, MA, USA). X-ray attenuation was computed using pediatric software (version 14.4:5) . This method has been used for body composition analysis because it provides reproducible and accurate measurements of body fat. 9 In addition, the technique is safe and emits radiation of 4.2-5.2 Sv, equivalent to the radiation received on a sunny day. 9 The equipment was calibrated daily as described by the manufacturer. Phantoms were used for calibration, guaranteeing internal quality control of the equipment. The coefficient of variation of the equipment during the study was 1% for bone mineral density evaluation as reported elsewhere. 18 For the assessment, the participants wore appropriate clothing without metal and were barefoot. The measurements were standardized and performed by two radiology technicians. 20 The four skinfolds were used to calculate the trunk-limb ratio and sum of skinfolds ( 4 skinfolds). Body weight and height were measured in duplicate, while circumferences and skinfold thickness were obtained in triplicate. The means of the anthropometric variables were used for subsequent analysis. All anthropometric measurements were taken individually in a private room. The examiners were previously trained and calibrated. Technical errors of measurement were established with 16 age-and sex-matched healthy peers. These errors were 0.19 cm and 0.51 kg for height and body weight, respectively, 0.22 and 0.52 cm for arm and waist circumference, respectively, and 0.41, 0.27, 0.44, and 0.50 mm for triceps, subscapular, abdominal and calf skinfolds, respectively. The intra-class correlation coefficients for the anthropometric measures ranged from 0.76 to 1.0. All anthropometric measures were adequate according to the International Society for the Advancement of Kinanthropometry.
The equations of Lohman and Slaughter were used to predict body fat for the cross-validation analysis. The equation of Lohman was developed to estimate body fat in children aged 6-17 years 11 and the equation of Slaughter for children aged 8-18 years. 12 Table 1 shows the two equations adjusted for sex, race and maturity.
Demographic and clinical data
Age, sex, and skin color of the HIV-infected children and adolescents, as well as the socioeconomic and education level of the legal representative/parents, were collected using a questionnaire applied by interview. Immunological data and clinical symptoms, duration and type of HAART, HIV RNA viral load, and CD4 + T lymphocyte count were obtained from the 13 1988 Boys (all ages) %BF = 1.21 (TR + SE) − 0.008 (TR + SE) 2 + I b Slaughter et al. 13 1988 Girls (all ages) %BF = 1.33 (TR + SE) − 0.013 (TR + SE) 2 − 2.5 a I, Intercept based on sex, age and ethnicity proposed by Lohman. 12 b I, Intercept substitutions based on maturation and ethnicity for boys proposed by Slaughter et al. 13 Prediction error for these equations ranged from 3.6 to 3.9% of body fat (BF). medical records. Viral load was measured by branched-DNA assays and CD4 + T lymphocyte count by flow cytometry. The progression of HIV infection was classified as asymptomatic or mild symptoms and moderate or severe symptoms. 22, 23 Maturity was evaluated by self-assessment of secondary sex characteristics according to Tanner 24 after the participants were instructed by a researcher of the same sex about each stage.
Statistical analysis
Skewness and kurtosis were analyzed using graphs and the Shapiro-Wilk test. The median and interquartile range were used to describe the distribution of the participants according to sex. The independent Student t-test or Mann-Whitney-U test were used to compare continuous variables between sexes. Correlations were calculated to identify predictors of total body fat, trunk fat, and body fat percentage using Pearson's linear correlation coefficient and Spearman's rank correlation for asymmetric variables. Linearity was analyzed graphically. Predictive variables at p < 0.05 were selected for multiple linear regression analysis. Modeling was performed using a backward selection procedure and variables exhibiting low statistical significance p ≥ 0.05 were removed in decreasing order until the final model was obtained to predict total body and trunk fat. The models were evaluated using the regression coefficients and maximum likelihood test. For modeling, we considered the usefulness of the anthropometric measurements within the clinical context and features of HIV.
The body fat values estimated with our models and with the Lohman and Slaughter equations were compared using paired Student t-test with body fat measured by DXA. Lin's concordance correlation coefficient was used to test the association between data. Our models were analyzed using residuals, standard error of the estimate (SEE), multicollinearity, tolerance, variance inflation factor, Akaike's information criterion, and Bayesian information criterion. The Breusch-Pagan/Cook-Weisberg test was used to evaluate the heteroskedasticity of residuals. The dispersion of residuals was verified by the Bland-Altman method. Finally, bootstrap validation using 5000 bootstrap samples was performed to examine the internal validity of the models developed. Statistical analysis was performed using the STATA ® 11.0 (Stata Corporation, College Station, TX, USA) and GraphPad Prism 
Results
The sample consisted of 48 children and adolescents living with HIV. Most of the participants had white skin color (56.3%), were from families with a household income of up to two minimum wages (47.9%), and were in the first three stages of sexual maturity (66.6%). Regarding clinical condition, most participants were asymptomatic or had mild symptoms (52.1%), had moderate immunosuppression (58.3%), and received non-protease inhibitor HAART (58.3%). Most adolescents were eutrophic (87.5%), but girls exhibited greater skinfolds and body fat by DXA than boys ( Table 2) .
As can be seen in Table 3 , subscapular skinfold, the sum of four skinfolds and abdominal skinfold were linearly correlated with total body fat. For trunk fat, subscapular skinfold showed a higher correlation than BMI and abdominal skinfold. Table 4 shows the prediction models of total body fat and trunk fat. Model 1 explained 85% of total body fat measured by DXA based on subscapular skinfold (standardized beta coefficient [ˇs tandardized ] = 0.38), sum of four skinfolds (ˇs tandardized = 0.71), abdominal skinfold (ˇs tandardized = −0.33), sex (ˇs tandardized = −0.20), and height (ˇs tandardized = 0.26). The SEE of this model was low (1.42 kg). Model 2 explained 80% of the variance in trunk fat, with an SEE of 0.49 kg, based on subscapular skinfold (ˇs tandardized = 0.63), age (ˇs tandardized = 0.31), and sex (ˇs tandardized = -0.21).
There was no difference between the total body fat values measured by DXA and those estimated with Model 1 (Table 5) . Similarly, no difference was observed between trunk fat values measured by DXA and those estimated with Model 2 (p > 0.05). In addition, Lin's concordance correlation coefficients were of moderate to substantial magnitude (Model 1 = 0.93; Model 2 = 0.90). However, there was a significant difference between the body fat values predicted with the equations of Lohman and Slaughter and the DXA values. Fig. 1 shows linearity of measured body fat and body fat predicted with our models. Bland-Altman analysis of residuals is shown in Fig. 2 . A random distribution of residuals was only found for total body fat (x 2 = 1.93 and p = 0.1649), but not for trunk fat (x 2 = 15.51 and p < 0.001). The same was observed for the equations of Lohman and Slaughter. Internal validation using 5000 bootstrap samples produced a corrected R 2 of 85% and 80% for Models 1 and 2, respectively. 
Discussion
The main findings of this study were that subscapular skinfold, the sum of four skinfolds, abdominal skinfold, sex, and height explained 85% of total body fat. Moreover, subscapular skinfold, age, and sex explained 80% of trunk fat in children and adolescents living with HIV. Although correlated with DXA-measured body fat, the traditional equations of Lohman and Slaughter underestimated total body fat by 8%. These findings demonstrate that our models based on anthropometric measurements can be used by clinicians and healthcare professionals as an objective, noninvasive and inexpensive alternative to assess body fat in children and adolescents living with HIV. Models 1 and 2 developed in the present study can be used to estimate total body fat and trunk fat, respectively, showing high predictive power and agreement with the DXA method. In addition, a low error of estimation was found. These models represent a practical tool for the assessment of body fat in the clinical setting, although some variability in body fat may occur due to growth and sexual dimorphism, which interfere with the prediction and interpretation of the results. 25, 26 However, it is important to include these variables in the equations since they are associated with lipodystrophy. 1, 14 Studies on HIV conducted in developed countries have frequently used DXA to analyze body fat patterns and the association with cardiometabolic diseases. 8, 27 However, the high cost of the equipment and the need for adequate infrastructure and personnel restrict the use of this method for body fat assessment when resources are limited. The development of specific anthropometric equations for children and adolescents with HIV is important for monitoring body fat (Model 1) because of the changes that result from HAART and HIV infection itself. 1 Although no cut-off points that define abnormalities are available, it is evident that the children and adolescents evaluated in this study are suffering from a reduction in body fat since negative median z-scores were found, especially in boys (Table 2) , indicating a lipoatrophy phenotype. Lipohypertrophy consists of the accumulation of adipose tissue and normally involves the intra-abdominal (increased visceral adipose tissue), breast, anterior neck, and dorsocervical regions. 1 For this study, Model 2 was developed to assess fat in the trunk area -from the top of the iliac crest to the base of the skull -using subscapular skinfold which is highly correlated with DXA values ( Table 2 ). This assessment is important since the accumulation of trunk fat is commonly associated with dyslipidemia, insulin resistance, 2 and high intima-media carotid thickness 17 in children and adolescents living with HIV and can lead to poor adherence to and failure of treatment.
Previous studies have reported correlations between anthropometric equations and DXA in healthy children and adolescents. 25, 26, 28, 29 Although DXA is a reproducible and accurate technique for the measurement of body fat, Silva et al. 10 alerted to the development of equations using a multi-compartment approach in pediatric studies because of individual variability in the composition of fat-free mass. Note: Skinfolds (mm); Age (years); Height (cm); Sex (0 = female, 1 = male). Abbrr: 4Skinfolds, sum of four skinfolds; SEE, standard error of the estimate; RMSE, root mean square error; AIC, Akaike's information criterion; BIC, Bayesian information criterion; T, tolerance; VIF, variance inflation factor; HIV, human immunodeficiency virus. Moreover, the validity of the response variable is determinant for the development of appropriate equations based on anthropometry. 10 Most validity studies of anthropometric equations in healthy children and adolescents have used DXA as the reference method. 10 DXA was also used as the reference method to assess body fat in this study. Advantages of this method are its three-compartment approach, good precision, wide availability, and low radiation dose. However, DXA systems are not interchangeable and generalization is not possible, thus differences in developing predictive equations might be due to the use of different densitometers, softwares and/or scan modes. The equations of Lohman 11 and Slaughter 12 were not valid for estimating body fat in pediatric patients with HIV and their performance was lower than that of the equations developed in this study. These differences may be due to the reference methods used since the equations of Slaughter and Lohman were developed based on hydrostatic weighing, a densitometric method. However, in a study conducted on healthy Chinese children and adolescents with a similar age profile as the participants of the present study, the equation of Lohman was found to be a good predictor of body fat. 28 In contrast, Mast et al. 30 and Freedman et al. 29 reported the equations of Lohman and Slaughter, respectively, to overestimate body fat in healthy children and adolescents compared to DXA.
Since limitations of the Lohman and Slaughter equations were found for the healthy population, some disagreement is expected in HIV-infected individuals due to body fat abnormalities. Children and adolescents living with HIV infected by mother-to-child transmission exhibit a delay in sexual development and low height and weight for age 31 resulting from dysfunction of the hypothalamic-pituitary-adrenal axis. 32 Evidently, the variability in growth and development will significantly change the body composition expected for age and render the traditional body fat equations impractical in this population. Therefore, we suggest the use of Models 1 and 2 to assess total body fat and trunk fat, respectively. Usually the validation process uses 2/3 of the sample for developing the prediction equation and 1/3 for crossvalidation of the model. This was not possible in our study because of the small size and we have therefore used a bootstrap procedure of 5000 simulations for internal validation.
Some limitations suggest caution in the interpretation of the data obtained with regression models, such as the fact that the sample was from only one Brazilian region and the size of the sample used as reference. The strengths of the present study include the high coefficients of determination of the models (80% and 85%) and the low SEE. Furthermore, the practicality of anthropometry to monitor total body and trunk fat in the clinical setting was considered in the development of the models. The models were developed for children and adolescents living with HIV using a heterogeneous sample in terms of protease inhibitor use, clinical and immunological symptoms, and viral load, which can represent many limitedresources scenarios.
Conclusions
The models developed in this study for predicting total body and trunk fat in children and adolescents living with HIV based on anthropometric and demographic variables showed a high predictive power and agreed with the DXA method as demonstrated by an SEE of virtually zero. The traditional equations of Lohman and Slaughter showed poor performance and are not indicated for body fat assessment in pediatric HIV infection. Our prediction models (1 and 2) can be useful to monitor body fat in patients living with HIV, especially under conditions of limited resources because anthropometry is a noninvasive, low-cost and easy-to-use method.
